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(571 ABSTRACT

A fluid operated reciprocatable device has an outer,
usually fixed, member and an inner relatively movable
member joined by a resilient member e.g., of rubber.
The outer member is closed at one end so as to form
an enclosure into which fluid under pressure can be
admitted so as to displace the inner member in a given
axial direction relative to the outer member. When a
pulsating pressure 1S applled to the fluid the inner
member vibrates axially in accordance with the pulses.
The resilient member is proportioned so that its di-
mension in the axial direction is large in comparison
with the thickness between the outer and inner mem-
bers, e.g. 4 times larger. The properties of the resilient
member are chosen so that it acts not only as a seal
between the outer and inner members to contain fluid,
but as a return spring whereby the inner member is re-
turned, between fluid pulses, from an axially displaced
position.

8 Claims, 10 Drawing Figures
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1
RECIPROCATABLE DEVICES

This 1s a division of application Ser. No 299 178
filed Oct. 19, 1972, now abandoned. -

This invention relates to reciprocatable dewces of .

the kind in which one member of a device is recipro-
cated in relation to another by the apphcatlon between

them of a varying fluid pressure; or in which, con-
versely, reciprocating motion is used to displace fluid.

Reciprocating devices of the above mentioned kind
have usually comprised a cylinder with a piston fitting
closely within it. If a seal between the members is to be
eflective, especially at high fluid pressure, manufacture
of such a device involves high precision processes and
1s correspondingly expensive. Moreover, the quality of
the seal can easily become impaired in use by the acci-
dental presence of abrasive particles in the fluid, which
particles may damage the coacting surfaces of the pis-
ton and cylinder.

For some purposes, designs have been evolved in
which the piston does not make contact with the cylin-
der, but only with a packing ring or the like where the
piston passes into the cylinder. However, the piston is
still subject to wear due to abrasion between it and the
packing.

Rubbing friction between piston and cylinder has
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been eliminated in a construction in which the mem-

bers are connected together by a flexible diaphragm;
but these devices are generally unsuitable for condi-
tions in which the pressure difference across the dia-
phragm can exceed about 0.5 MN/m? The usual kind
of hydraulic system, such as is common in earth cutting
and earth moving machinery requires pressure dlffer—
ences about 30 times greater than that just quoted.
The present invention eliminates wear due to rubbing
friction in a reciprocatable device and at the same time
allows the employment of a much higher fluid pressure
difference than can be used with the conventional ﬂem-
ble diaphragm device. | |
According to the invention a reciprocatable device

‘comprises an outer member, an inner member which

can be reciprocated relative to the outer member in a
given axial direction, and a resilient member connect-
ing said outer and inner members so as to form a seal
between them, and an end of the outer member form-
ing an enclosure which can contain pressurized fluid
through which force can be applied to the inner mem-
ber to move said inner member in said axial direction
relative to the outer member while flexing the resilient
member, the average thickness of the resilient member
in a direction normal to the axial direction being not
greater, preferably considerably less, than the average
length of said resilient member in the axial direction. .

The thickness of the resilient member may be in the
range one half to one sixth of the length thereof and
desirably about one third to one quarter.

The resilient member preferably flexes sufﬁmently
when displaced to act as a return spring urging the
inner member towards its undisplaced position in rela-
tion to the outer member. o

In one optional form the reciprocatable device in-
cludes a piston which is a close sliding fit in the end of
the outer member forming an enclosure, said piston
being arranged so that it can apply force from pressur-

1zed fluid when in the enclosure to the inner member of

the device.
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The device may have a circular cross section normal
to the said axial direction, or optionally the cross sec-
tion may be rectangular or otherwise elongated in
which case one dimension may be advantageously sub-
stantially larger than the other, while the resilient mem-

ber may be of substantially uniform thickness between
the outer and inner members, or optionally the resilient
member may taper in thickness in the axial direction
between the outer and inner members.

Preferably the resilient member is in a state of com-
pressive stress at least in a direction substantially nor-
mal to the given axial direction. |

According to the invention an hydraulic system in-
cludes a reciprocatable device of the kind described
herein, a source of substarntially constant fluid pressure
and a two-position valve arranged so that when the
valve 1s In a first position fluid under pressure can be
admitted through the valve to the device from said
source so as to move the inner member of said device
In a first sense in the given axial direction relative to the
outer member and when the valve is in a second posi-
tion fluid can be expelled therethrough from the device
by the action of the resilient member movmg the Inner
member in the reverse sense.

An alternative hydraulic system includes a reciproca-
table device of the kind described herein, a first pump
provided with a first pressure relief valve, a non-return
valve, a second pressure relief valve arranged to open
at a higher fluid pressure than the first pressure relief
valve and a second pump, arranged so that the first
pump can apply a constant fluid pressure to the said
device, said constant pressure being limited by the first
pressure relief valve, the second pump applying a pul-
sating fluid pressure to the device so as to move the
inner member in an oscillating manner relative to the
outer member, the pulsating fluid pressure being lim-
ited by the second pressure relief valve, the non-return
valve being arranged in fluid circuit between the first
and second pressure relief valves so that fluid can pass
from the first pump to the reciprocatable device but
not in the reverse sense. ~

Remprocatable devices accordmg to the invention
find partlcular application in earth cutting and like
equipment in which a cutting tool is driven into abra-
Slve Or contammatmg material which could damage or
cause rapid wear in any driving machine parts. Recip-
rocatable devices according to the invention enable an
earth cutting tool to be given a powerful forward
thrusting movement without exposing its machine parts
to the ingress of earth fragments.

The invention therefore particularly provides an
earth cutting machine having a reciprocatable device
according to the invention in which the inner member
is provided with a cutting blade.

Preferably the earth cutting machine has a cutting
blade driven by an hydraulic system of the kind de-
scribed herein, and the hydraulic system may include
means whereby the inner member of the reciprocatable
device 1s arranged to move more rapidly in one axial
sense than the other. o '

The invention will be further described, by way of
example only, with reference to the accompanymg
drawings 1n which:

FIG. 1 1s a sectional elevation of a reciprocatable
device according to the invention,

FIG. 2 is a trimetric view, partly in section, of a recip-
rocatable device having a rectangular cross section in
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which one' dimension is SlletElI‘ltldlly larger than the
other, - |

FIG. 3 is a diagrammatic illustration of one form of
hydraulic system according to the invention,
~ FIG. 4 is a diagrammatic illustration of another form
of hydraulic system according to the invention.
- FIG. 4A 15 a fragmenta‘ry_diagrammatie view of a
modification of the device illustrated in FIG. 4.

FIG. 5 is a cross section of an altematwe to the em-
bodiment of FIG. 2. |

FIG. 6 is a cross sectlon of a reelproeatable device
which includes a piston, - - ~

- FIGS. 7A and 7B are cross seetlonal elevatlens of an
-~ earth piercing apparatus . including a reciprocatable

device according to the invention and |

FIG. 8 is a diagrammatic illustration of an earth cut-
ting machine including a reciprocatable device accord-
ing to the invention. |

4

- slabs and is bonded as before to the outer member 12

10

15

Referrmg to FIG. 1, the device aecordmg to the in-

vention is indicated generally by reference 10.. The -

device comprises an outer member or shell 12 which is
the analogue of the cylinder in a piston and cylinder

20

reciprocatable device of conventional kind. The outer

member is provided with a conduit or pipe 14 through
which fluid can be conducted to and from the interior
space 16 in the enclosure at the end of the outer mem-
ber, as indicated by the double arrow 18. The inner
member is in this example a rod, part of which is shown
referenced 20 and is the analogue of a piston. Between
the outer and inner members, and joining them, is the
resilient member 22. The resilient member 22 is
bonded in a fluid-tight manner to both the outer and
inner members so that fluid in the space 16 cannot
escape between these members. |

In an unstressed condition, that 1s when the pressure
in the space 16 is the same as that outside, the inner
member and resilient member are in the und15placed
position shown by the full lines 24, but as pressure is
built up in the space 16 the inner and resilient members
move in the given axial direction towards a dlSplaeed
pOSIthI’l shown by the dotted lines 26. The limit of axial
travel in the said given axial direction is fixed by the
ultimate strength of the bond between the resilient
member and the outer and inner members and the
mechanical properties of the material of the resilient
member. The resilient member acts as a seal between
the outer and inner members and is cempletely free
from leakage. It also acts as a return Sprmg when sufti-
ciently flexed so that when pressure in space 16 is re-

duced, fluid is forced out of the space and the member 50

20 moves inwards, 1.e. to the rlght in the diagram.

The cross section, i.e. the end view in the direction of
arrows A of the example of the device shown in FIG. 1
is circular but it is not essential that this be so. If cir-
cumstances should demand, the device may be con-
structed with a triangular, square, rectangular, polygo-
nal, elllptleal or irregular cross section, so long as the

resilient member 22 can be reliably bonded to the outer

and inner members 12 and 20.
FIG. 2 illustrates part of another example of a device

according to the invention. In this example the cross
section instead of being circular is rectangular with one
dimension, indicated by the arrows 28, substantially
larger than the other, indicated by the arrows 30. The
outer member 12 is an elongated box and the interior
space 16 in the enclosure is provided, as in the former
example, with a pipe 14 for access of fluid. The resilient
member 22 in this example is in the form of elongated

25

30

35

40

and to the inner member 32 in a sandwich construc-
tion. The inner member 32 is shown as being flat and
elongated and shaped as a cutting blade to the edge 34.
This embodiment is of particular value in earth cutting
machinery. The device can be substituted for the fixed
cutting blade on, for example, a scraper or bulldozer
when the ratio of dimension 28 to dimension 30 may be
10 to 20 or even greater. When the edge 34 of mnner
member 32 is then presented to a mass of earth or the

like which is to be cut, oscillation of member 32 axially,

as indicated by the arrows 36, assists penetration of the
earth.

F1G. S shows a cross . section of an alternative to the
embodiment of FIG. 2. In this the outer member 12 and
the resilient member 22 are tapered as shown so that
there is less resistance to penetration of the earth by the
device due to the change of section at 38. |

As another alternative, not illustrated, an earth cut-
ting blade, in itself of conventional pattern, may be
oscillated by a plurality of devices of the kind shown in
FIG. 1, the blade being attached to the inner members
20 of the devices and the outer members 12 thereof
being fixed to an abutment on a part of an earth cutting
machine.

FIG. 3 lllustrates dlagrammatlcally one form of hy-
draulic system for actuating a device according to the
invention. A source of substantially constant fluid pres-
sure is represented by 40. Fluid under pressure is con-
ducted from 40 through a pipe 42 to an hydraulic valve,
indicated generally by 44. The valve comprises a body
or cylinder 46 provided with ports 48, 50, 52 and a well

fitting piston 54 provided with transverse passages 36,
58 which can coact with the aforementioned ports.

With the valve in the first pesmen as shown in FIG. 3,
fluid under pressure can gain access to the device 10
through passage 56, port 50 and pipe 14, so as to drive
the inner member 20 in a first, or outward sense, in the
axial direction as indicated by the arrow 60. When the
valve is moved to a second position indicated by the
dotted outline 62, fluid from supply 40 1s cut off and

~ device 10 is connected through pipe 14, port 50, pas-

45
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sage 58 and port 52 to a pipe 64, which discharges fluid
into a reservoir 66 when the inner member 20 moves In
the sense of the arrow 68 by the action of the resilient
member 22. If the valve is moved between the two
indicated positions with a regular frequency, preferably
with a short dwell at each extreme, the inner member
20 will oscillate at that frequency as indicated by the
arrows 60, 68. |

FIG. 4 illustrates an alternative hydraulic system for
actuating a device according to the invention. A first
pump 70 can draw fluid from a reservoir 72 through a
pipe 74, and supply the fluid at pressure through the
pipes 76 and 14 to device 10. Pipes 76 and 14 are in
communication with one another through a non-return
valve 78 which prevents fluid from flowing back to
pump 70. A first relief valve 80, which 1s adjustable,
allows the pressure developed in device 10 by the pump
70 to be limited and excess fluid is returned through the
pipe 82 to reservoir 72. The pump 70 is of such a kind,

e.g., a gear pump that the fluid pressure it supplies to

the device 10 is substantially constant, and constancy
of pressure may be assisted if desired by the provision
of some form of hydrauhe accumulator (not 1llus-
trated) connected to the pipe 76.

- In the modification of the hydraulic system of FIG. 4,
pressure is also supplied to the device 10 through the
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pipes 92 and 14 by a second pump 84 comprising a

cylinder 86 and a piston 88 driven by a rotatable cam
90. The pressure prowded by the second pump 84 is of
an oscillating nature and is superimposed on the con-
stant pressure provided by the first pump 70. Thus the
inner member 20 of the device 10 is made to oscillate
axially, as shown by the arrows 94. The initial position
of the member 20, with the pump 84 not in operation,
can be varied by adjustment of the first relief valve 80
and by raising the pressure applied by the pump 70
causing the initial position of inner member 20 to be
displaced to the left as seen in FIG. 4. With the pump
84 operating, the extreme movement of the inner mem-
ber 20 can be limited by means of a second adjustable
relief valve 96 which permits tluid at excess pressure to
flow from pipe 14 through pipe 98 to reservoir 72.

With the shape of the cam 90 as shown in FIG. 4 the
inner member 20 would move with approximately sim-
ple harmonic motion. Provision can be made for chang-
ing the cam 90 for another or different profile which
- would give to the inner member 20, for example, a
- rapid outward and slower return motion. The cam 90A
of FIG. 4A may be used for this purpose. In earth cut-
ting machinery a very rapid outward motion, amount-
ing substantially to mmpact conditions, might prove
desirable for some soils or rocks, in which case a cam
having a very sharp rise would be required.

FIG. 6 illustrates an embodiment of the device in
which a piston applies force from pressurized fluid to
the inner member of the device. The device is indicated
generally be reference 110. The device comprises an
outer member or shell 112 and an inner member which
is a rod, part of which is shown referenced 114. The
inner and outer members are joined by a resilient mem-
ber 116 bonded to both the inner end and outer mem-
bers. The interior space 118 between the inner and
outer members is connected to the atmosphere through
passage 129 and if necessary to an oil drain to remove
any small quantity of oil which may leak-into the space
118.

The inner member 114 is in end-to-end contact with
a piston 120 which closely fits in an extension 122 of
the outer member 112. The extension 122 is provided
with a conduit or pipe 124 through which fluid can be
conducted as indicated by the double arrow 128, to and
from the interior space 126, i.e. the enclosure of the
extension 122 between the piston 120 and the pipe
124. The piston is arranged to fit so that substantially
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no fluid can escape between the plStOI] 120 and the

extension 122 in use.

When pressure is built up in the enclosure 126, the
piston 120 and inner member 114 move to the left in
the figure to an axially displaced position in relation to
the outer member 112, and the resilient member 116 is
distorted, as shown by the dotted lines. When the pres-
sure is released, the inner member, resilient member
and piston return to the undisplaced position shown by
the full lines, the resilient member acting as a return
spring to keep the inner member 114 and the piston
120 in contact. In an alternative construction the mem-
ber 114 and piston 120 may be rigidly joined.

It is an advantage of this embodiment that a higher
pressure may be applied to the piston and hence to the

50

535

60

inner member than is possible with the embodiments

already described herein, thereby allowing smaller
pressure generators and smaller pipes to supply a recip-
rocatable device of similar power which can therefore
be more compact, while allowing the resilient member

65

6

to carry substantially all of the transverse load as well
as acting as a return spring. Conversely the piston,
when reciprocated, may apply a higher pressure to the

fluad.

The inner and outer members of the device are desir-

ably made of mild steel and the resilient member of

natural rubber. Natural rubber is preferred because it

displays low hysteresis and hence has httie tendency to

heat up, with consequent deterioration. of properties,
when oscillated at a high frequency. A preferred fluid
for operating the device is a conventional hydraulic oil.
If this is used the surface of the natural rubber resilient
member facing the oil must be protected from contact
with it, for example by a bonded-on coating of an oil
resistant elastomer of substantially similar mechanical
properties to those of the resilient member.

The embodiment of the invention shown in FIG. 1
can be manufactured by bonding the resilient member
22 to the outer and inner members 12 and 20 by a usual
rubber-to-metal bonding technique, and then swaging
down the outside diameter of the outer member by
approximately 10% of the initial diameter. This treat-
ment places the resilient member in a state of radial (or
substantially normal to the given axial direction) com-
pressive stress and it is found to give the device im-
proved mechanical properties compared with one In
which such compression has not been produced.

Analogous treatment may be applied to the embodi-
ments shown in FIGS. 2 and § with approximately a
10% reduction in the initial dimension 30 (FIG. 2) of
the outer member 12. In these embodiments the inner
member 32 may be constructed with the portion com-
prising the edge 34 made of some harder and more
abrasion-resisting material than the rest of the member,
e.g. tool steel or tungsten carbide.

The invention has been described with reference to
embodiments in which fluid pressure is converted to
mechanical movement, but the invention may equally
be applied to the conversion of mechanical movement
to the displacement of fluid; i.e. the device may be
employed as a pump. A device according to the inven-
tion, as shown in FIG. 1, .could be substituted for the
conventional pump 84 shown in FIG. 4.

The piston and cylinder arrangement illustrated in
FIG. 6 can be constructed on conventional principles
allowing for the possibility of impact forces being gen-
erated between the piston 120 and the inner member
114.

It has been found as a result of tests that the most
favorable embodiments of the invention are those in
which the resilient member is of substantially uniform
thickness between the outer and inner members of the
device. Where the resilient member is tapered in thick-
ness only a reduced displacement of the inner member
is obtainable without the risk of initiating cracks in the
resilient member.

Tests have further shown that a usefully long working
life for a device according to the invention i1s most
easily achieved by the use of soft rubber (about 0.5
MN/m?2 nominal shear strength) for the resilient mem-
ber, life being in general reduced as the hardness of the
rubber is increased. The maximum strain applied to the
resilient member is preferably restricted to less than
40%, i.e. a strain amplitude of less than 20%.

‘The inner and outer members of the reciprocatable
device have been described as being connected by a
resilient member so as to form a seal between them.

Normally the connection is made so as to provide a
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complete seal between inner and outer members. In
some circumstances however a complete and pertect
seal may not be necessary or even most desirable and
the scope of the invention includes also the case in
which the seal 1s not absolute, provided it is sufficient
to maintain at an acceptably low level, for the fluid
pressure concerned the ingress of foreign matter, such
as abrasive dust, into the device and the escape of fluid
from the device. In the embodiment which includes a
piston as well as the resilient member the requirements
of either one of those elements can be relaxed without
disadvantage. If the resilient member provides a com-
plete seal a moderate leakage past the piston can be
~accepted and the piston need not be lapped In to a
close sliding fit with very fine tolerances. On the other

15

hand, if the piston is a close sliding fit the resilient

member need not make a complete seal. Thus as used
in this specification the term ‘“‘seal” means a seal suffi-
ciently good to maintain at an acceptably low level the
passage of material across it.

FIGS. 7 A & B illustrate one example of an applica-
tion of a reciprocatable device according to the inven-
“tion, 7B being the continuation of 7A to the left in the
Figure. The device is here employed in an earth pierc-
ing apparatus which is capable of making a cylindrical
bore through earth for the purpose of laying, e.g., a
telephone cable in a situation where the digging of a
trench 1s not feasible.

The apparatus has a cylindrical body 200 to which 1s
attached, at what is the leading end in use, the piercing
head 202; and at the trailing end a tail portion 204.
Hydraulic power is supplied to the apparatus through a

20

23

30

passage 206 and a flexible pipe (not shown) from a

source such as that illustrated in FIG. 3 or FIG. 4. The
outer member 208 of the reciprocatable device 1s fixed

in the body 200 of the apparatus; 210 is the resilient
member and 212 the inner member, being hollow cylin-
drical in this instance. Through the inner member 1s
arranged a shaft 214, carrying at each end similar cylin-
“drical blocks 216, 218, which clear the interior of the
body 200. The groove and packing ring indicated at
220 prevent the passage of any appreciable quantity of
hydraulic liquid past the reciprocatable device from the
chamber 222, and any which does get past can escape
through the holes 224 in the body 200.

In use, the chamber 222 is filled with hydraulic liquid
through the passage 206, all air being bled away
~through the sealable passage 226. When pulses of hy-
draulic pressure are applied to the liquid in 222 the
reciprocatable device vibrates the masses 216 and 213
in a longitudinal direction, causing the whole apparatus
also to vibrate in the same direction. If the apparatus is
introduced, piercing head first, into a bore in earth the
piercing head 202 is driven into the earth ahead of 1t
and withdrawal is opposed by the outwardly urged

sprags 228. If the cylindrical block 216 is so spaced .

from the head 202 as to strike the latter when the appa-

ratus is in operation the apparatus can move forward
without the use of the sprags 228. This 1s of advantage

if it is required to withdraw the apparatus from a blind
bore.

The hydraulically operated earth piercing apparatus
just described has advantages over the usual pneumati-
cally operated kind in that it is extremely simple, con-
taining no valve gear; it requires no exhaust, as the
power supply is pulsating, and only one power supply
line is needed; and for a given power an hydraulic
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3
power supply line can be appreciably smaller than the
equivalent pneumatic line.

The earth piercing apparatus illustrated in FIGS. 7 A
& B is, as constructed, about 650 mm in length and
about 70 mm in diameter.

An earth cutting machine including a reciprocatable
device according to the invention is illustrated dia-
grammatically in FIG. 8. The machine, indicated gener-
ally by 300, is mounted on crawler tracks 302. The
machine has a cutting assembly 304, positionable by
conventional hydraulic means 306. The cutting assem-
bly is provided with a cutting blade 32, driven by a
reciprocatable device 308 of the kind illustrated in
FIG. 2. The said device 1s supplied through a pipe 310
from an hydraulic system 312 of the kind illustrated in
FIG. 3 or in FIG. 4 for example. In use, axial vibration
of the blade 32 assists penetration of the cutting assem-
bly 304 into earth. The cutting blade has been de-
scribed as being driven by a reciprocatable device of
the kind illustrated in FIG. 2. It would also be feasible
to drive the blade with a plurality of devices of the kind
illustrated in FIG. 1.

What I claim is:

1. A hydraulic system having a reciprocatable device
comprising an outer member, an inner member which
can be.reciprocated relative to the outer member in a
given axial direction, and a resilient member connect-
ing said outer and inner members so as to form a seal
therebetween, an end of the outer member forming an
enclosure which can contain pressurized fluid through
which force can be applied to the inner member to
move said inner member In said axial direction relative
to the outer member while flexing the resilient mem-
ber, the average thickness of the resilient member in a
direction normal to the axial direction being not
greater than the average length of said resilient mem-
ber in said axial direction and a piston which 1s a close
sliding fit in the end of the said outer member, said
piston being arranged so that it can apply force from
pressurized fluid when in the enclosure to the inner
member of the device. |

2. A fluid operating reciprocating device comprising
a housing having an open end and an opposite closed
end, means for introducing fluid under pressure into
the housing adjacent to the closed end, a rod coaxial
with the longitudinal axis of the housing and having one
end facing the closed end of the housing and in spaced
relationship therewith and an opposite end outside the
housing, a resilient member about the rod and within
the housing forming a fluid tight seal with the housing
and with the rod, said resilient member having one end
which terminates near that end of the rod, which i1s
within the housing, a piston disposed between the last

- said end of the resilient member and the closed end of

the housing, the average thickness of the resilient mem-
ber in a direction normal to the longitudinal axis of the
rod being not greater than the average length of the
resilient member, said resilient member being adapted
to flex with changes in fluid pressure in the space be-
tween its said end and the closed end of the housing.
3. An hydraulic system including a reciprocatable
device according to claim 1 comprising, a source of
substantially constant fluid pressure and a two position
valve, arranged so that when the valve i1s 1n a first posi-
tion fluid under pressure can be admitted through the
valve to the device from said source so as to move the
inner member of said device in a first sense in the given
axial direction relative to the outer member, and when
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the valve 1s In a second position fluid can be expelled
therethrough from the device by the action of the resil-
ient member moving the inner member in the reverse
sense. | | |

4. An hydraulic system including a reciprocatable
device according to claim 1 comprising, a first pump
provided with a first pressure relief valve, a non-return
valve, a second pressure relief valve arranged to open
at a higher fluid pressure than the first pressure relief
valve and a second pump, arranged so that the first
pump can supply a constant fluid pressure to the said
device, said constant fluid pressure being limited by the
first pressure relief valve, the second pump applying a
pulsating fluid pressure to the said device so as to move
the inner member In an oscillating manner relative to
the outer member, the pulsating fluid pressure being

limited by the second pressure relief valve, the non-
return valve being arranged in fluid circuit between the
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first and second pressure relief valves so that fluid can
pass from the first pump to the reciprocatable device
but not in the reverse sense.
5. An earth cutting machine including a cutting blade
driven by an hydraulic system according to claim 1.
6. An earth cutting machine in which the hydraulic

system of claim 1 includes means whereby the inner
member of the reciprocatable device is arranged to

‘move more rapidly in one axial sense than in the other

axial sense.

7. A reciprocatable device according to claim 1 fur-
ther comprising an earth cutting machine including a
cutting blade driven by said hydraulic system.

8. A hydraulic system according to claim 1 which
includes means whereby the inner member of the recip-
rocatable device is arranged to move more rapidly in

one axial sense than in the other axial sense.
% ok kK X
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